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Abstrat
We analyze the possibility of experimental investigation of new low-energy relations
between the values of resonane masses in the meson form fators and the dierential rate
of radiative kaon deay K+ → pi+e+e−(µ+µ−) at the urrent level of the experimental
preision. A set of arguments is listed in favour of that these relations an be a onsequene
of weak stati interations in the Standard Model.
Dediated to the 70-th anniversary of professor M.K. Volkov
PACS: 11.30Rd, 12.39.Fe, 12.40.Vv, 13.20.Eb, 13.25.Es, 13.75.Lb
The results were presented at
the 5th NA48 Mini-Workshop on kaon physis
(CERN, Deember 12, 2006).
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Introdution
The radiative kaon deay amplitudes K+ → π+e+e−(µ+µ−) are of great interest of the hiral
perturbation theory (ChPT) [1, 2, 3℄ beause in the lowest order of ChPT the deay amplitudes
are equal to zero [4, 5, 6, 7, 8℄. There two opinions about the next order of ChPT.
The rst opinion is that in the next order of ChPT the baryon (or quark) loops dominate [4,
6℄. As these fermion loops also determine meson form fators in the low energy region [1℄, in this
ase, one an supposes that ChPT alulation [1, 2, 3, 4℄ points out possible relations between
the low energy parameters of meson form fators and the dierential rates of the radiative
kaon deays. These relations an arise if we keep in the ChPT diagrams the real vetor meson
propagators and take into aount the quantum numbers of the nearest resonanes in possible
verties [9, 10℄.
The seond opinion is that in ChPT the meson loops dominate. It was shown [5, 7, 8℄,
in the framework of the aepted approah to Standard Model [11, 12, 13℄ with the point-like
approximation of weak interations, that these meson loops an ompletely destrut the meson
form fator struture of the radiative kaon deay amplitudes in the low energy region.
In this paper, we show that the situation with ChPT for radiative kaon deay amplitudes
is more ompliate.There are two types of the meson loops. The rst of them are provided by
the normal ordering of the weak stati interations, and the seond are retarded ones.
Reall that stati interations arise in the Hamiltonian approah to the Standard Model
(SM) of eletroweak (EW) interations [14, 15℄ in ontrast to the onventional one [11, 12℄ based
on heuristi Lorentz gauge formulation [16, 13℄, where the stati interations are absent. These
stati interations suppress any retarded meson loop ontributions [5, 7, 8℄ that an destrut
the meson form fator struture of the deay amplitudes. The meson loop ontributions an
be only the tadpole loop diagrams following from the normal ordering of the stati interation.
This ordering results in an eetive ation with △T = 1/2 rule [17, 18℄ with one unknown
parameter g8 that an be xed from other deays as g8 = 5.1. The dominane of weak stati
interations justies the appliation of low energy hiral perturbation theory [1, 2, 3℄ as an
eient method of desription of kaon deay proesses [4, 5, 6, 18℄.
In this paper we study the possibility of extrating information about the meson form fators
from the K+ → π+e(µ)+e(µ)− proesses at the urrent level of the experimental preision.
The plan of the paper is the following. In Setion 1 we present the expliit expressions
for amplitudes of the proesses K+ → π+l+l− in terms of meson form fators. In Setion 2
we disuss possibilities of the orresponding experimental tests. Manifestations of the stati
interations in deay rates in SM are disussed in Setion 3.
1 Relations between form fators and radiative K deay
amplitude in ChPT
1.1 Chiral bosonization of EW interation
It is onventional to desribe weak deays in the framework of eletroweak (EW) theory at the
quark QCD level inluding urrent vetor boson weak interations [11, 12℄
L(J) = −(J−µ W+µ + J+µ W−µ ) = −
e
2
√
2 sin θW
(J−µW
+
µ + J
+
µW
−
µ ), (1)
where J+µ = d¯
′γµ(1−γ5)u, d¯′ = d cos θC+s sin θC , and θC is the Cabbibo angle (sin θC = 0.223).
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However, a onsistent theory of QCD at large distanes has not been onstruted yet.
Therefore, the most eient method of analysis in kaon deay physis [4, 5, 6, 18℄ is the
ChPT [2, 3℄. The quark ontent of π+ and K+ mesons π+ = (d¯, u), K+ = (s¯, u), K
0
= (s¯, d)
leads to the eetive hiral hadron urrents J±µ in the Lagrangian (1)
J±µ = [J
1
µ±iJ2µ] cos θC + [J4µ±iJ5µ] sin θC , (2)
where using the Gell-Mann matries λk one an dene the meson urrent as [2℄
i
∑
λkJkµ = iλ
k(V kµ −Akµ)k = F 2πeiξ∂µe−iξ, (3)
ξ = F−1π
8∑
k=1
Mkλk = F−1π

π0 +
η√
3
π+
√
2 K+
√
2
π−
√
2 −π0 + η√
3
K0
√
2
K−
√
2 K
0√
2 − 2η√
3
 . (4)
In the rst orders in mesons one an write
V −µ =
√
2 [ sin θC (K
−∂µπ
0 − π0∂µK−) + cos θC (π−∂µπ0 − π0∂µπ−) ] + ... (5)
and
A−µ =
√
2Fπ (∂
µK− sin θC + ∂
µπ− cos θC) + ..., (6)
here Fπ ≃ 92.4 MeV. The right form of the hiral Lagrangian of the eletromagneti interation
of mesons an be onstruted by the ovariant derivative ∂µχ
± → Dµχ± ≡ (∂µ ± ieAµ)χ±,
where χ± = K±, π±.
We suppose also that the quark ontent of the mesons determines hadronization of QCD
[19, 20℄ onserving its hiral and gauge symmetries.
1.2 The K+ → π+l+l− amplitude
The result of alulation of the amplitude of the proess K+ → π+l+l− (l = e;µ) in the
framework of the hiral Lagrangian (1)(6) inluding phenomenologial meson form fators
denoted by fat dots in Fig. 1 takes the form
T(K+→π+l+l−) = 2g8eGEWLνD
γ(rad)
µν (q)(kµ + pµ) T (q2, k2, p2), (7)
where g8 = 5.1 is the eetive enhanement oeient [5, 17℄,
GEW =
sin θC cos θC
8M2W
e2
sin2 θW
≡ sin θC cos θCGF√
2
, (8)
is the oupling onstant, Lµ = l¯γµl is leptoni urrent,
T (q2, k2, p2) = F 2π
[
fVπ (q
2)k2
m2π − k2 − iǫ
+
fVK (q
2)p2
M2K − p2 − iǫ
+
fAK(q
2) + fAπ (q
2)
2
]
, (9)
and f
(A,V )
π,K (q
2) are meson form fators. On the mass-shell the sum (9) takes the form
T (q2,M2K , m2π) = (10)
= T (q2) = F 2π
[
fAK(q
2) + fAπ (q
2)
2
− fVπ (q2) +
[
fVK (q
2)− fVπ (q2)
] m2π
M2K −m2π
]
.
3
(a)
K+(k) π+(k) π+(p)W+(k)
γ∗(q) (b)
K+(k) W+(p) π+(p)K+(p)
γ∗(q)
(c)
K+(k) W+(k) π+(p)
γ∗(q) (d)
K+(k) W+(p) π+(p)
γ∗(q)
Figure 1: K+ → π+γ∗ diagrams for eetive Lagrangian.
The K+ → π+l+l− amplitude vanishes at tree level [4, 5℄, where the form fators are equal to
unity: T (q2)|fV =fA=1 = 0.
In terms of the two standard Dalitz plot variables q2 and t2 representing the squares of
invariant masses of l+l− and π+l+ pairs, respetively, the amplitude (10) leads to the following
deay rate for the transition K+ → π+l+l−:
Γ(q2, t2) = C
(MK−mpi)
2∫
4m2
l
dq2 · |F (q2)|2
t2max(q
2)∫
t2
min
(q2)
dt2 · η(q2, t2), (11)
where
η(q2, t2) = (2t2 + q2 − 2m2π − 2m2l )(2M2K + 2m2l − 2t2 − q2) +
+q2(q2 − 2M2K − 2m2π) (12)
and
F (q2) =
(4π)2T (q2)
q2
=
=
(4πFπ)
2
q2
[
fAK(q
2) + fAπ (q
2)
2
− fVπ (q2) +
[
fVK (q
2)− fVπ (q2)
] m2π
M2K −m2π
]
. (13)
The t2-dependene does not ontain information about the ombination of the form fators
F (q2), whih is of our interest. Integration of (11) over t2 yields
Γ(q2) = C
(MK−mpi)
2∫
4m2
l
dq2
M2K
ρ(q2)|F (q2)|2. (14)
Here (see [5℄)
C =
(s1c1c3)
2g28G
2
F
(4π)4
α2M5K
24π
∣∣∣
g8=5.1
= 1.37× 10−22 GeV, (15)
4
ρ(q2) =
(
1− 4m
2
l
q2
)1/2(
1 +
2m2l
q2
)
λ3/2(1, q2/M2K , m
2
π/M
2
K),
λ(a, b, c) = a2 + b2 + c2 − 2(ab+ bc+ ca),
and s1c1c3 is the produt of Cabibbo-Kobayashi-Maskawa matrix elements VudVus.
2 Parameterization of F (q2)
2.1 Parameterization with meson loops
It follows from (13), taking into aount fVπ (q
2) ≃ fVK (q2) and fAπ (q2) ≃ fAK(q2):
F (q2) =
(4πFπ)
2
q2
[
fA(q2)− fV (q2)] . (16)
We disuss the dierential K+ → π+l+l− deay rate (11, 14) in the ChPT [1, 2℄ with pion and
baryon loop ontributions leading to meson form fators [1, 4℄:
fV (q2) = 1 +M−2ρ q
2 + α0Ππ(q
2) + ... ;
fA(q2) = 1 +M−2a q
2 + ...
(17)
We parameterize the terms linear in q2 (determined by the baryon and meson loops [1, 4, 6, 18℄)
by the values of resonane masses [22℄ Mρ = 775.8 MeV, I
G(JPC) = 1+(1−−) and Ma = 984.7
MeV, IG(JPC) = 1−(0++),
α0 =
4
3
· m
2
π
(4πFπ)2
= 0.01926, (18)
and the nonlinear term of the pion loop ontribution [1, 2℄ is given by
Ππ(t) = (1− t¯)
(
1
t¯
− 1
)1/2
arctan
(
t¯1/2
(1− t¯)1/2
)
− 1, t¯ = t
(2mπ)2
< 1;
Ππ(t) =
t¯− 1
2
(
1− 1
t¯
)1/2{
iπ − log t¯
1/2 + (t¯− 1)1/2
t¯1/2 − (t¯− 1)1/2
}
− 1, t¯ ≥ 1.
(19)
In order to introdue the resonant behavior of the form fators, the following Pade-type ap-
proximations [21℄ to the expressions (17) are onsidered:
fV1 (q
2) = γ
[
1− {M−2ρ q2 + α0 · Ππ(q2)}/γ
]−1
+ (1− γ),
fA1 (q
2) = (1−M−2a q2)−1 .
(20)
Here the parameter γ = 0.85 eetively aounts for higher order loops, and is hosen suh as
to put the position of maximum of fV1 (q
2) to q2 = M2ρ .
2.2 Preditions for integrated and dierential deay rates
The form fators (20) lead to the following deay branhing ratios and muon/eletron ratio
R = Br(K+ → π+µ+µ−)/Br(K+ → π+e+e−):
Br(K+ → π+e+e−) = 3.88× 10−7, Br(K+ → π+µ+µ−) = 1.23× 10−7, R = 0.318.
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Figure 2: Dierential rates of (a) K+ → π+e+e− and (b) K+ → π+µ+µ− deays as funtions
of z = q2/M2K . Solid lines: F (q
2) parameterization (20); dotted lines: dierential distribution
measured for K+ → π+e+e−, z > 0.1 by [23℄ and extrapolated for z < 0.1 and for K+ →
π+µ+µ− using a model [8℄. Given the large sensitivity of our alulation to values of Mρ and
Ma, the alulation agrees with the experimental data.
These branhing frations are highly sensitive to the values of Ma and Mρ used in the param-
eterization:
∆Br(ee)/Br(ee) ≈ 12(∆Ma/Ma), ∆Br(µµ)/Br(µµ) ≈ 10(∆Ma/Ma),
∆Br(ee)/Br(ee) ≈ −20(∆Mρ/Mρ), ∆Br(µµ)/Br(µµ) ≈ −17(∆Mρ/Mρ). (21)
However this sensitivity largely anels in the muon/eletron ratio:
∆R/R ≈ −2(∆Ma/Ma), ∆R/R ≈ 2(∆Mρ/Mρ).
The sensitivity to the parameter γ is smaller than to the resonane masses:
∆Br(ee)/Br(ee) ≈ −0.5(∆γ/γ), ∆Br(µµ)/Br(µµ) ≈ −0.9(∆γ/γ), ∆R/R ≈ −0.4(∆γ/γ).
Taking into aount that the relative unertainties of resonane masses Ma and Mρ that are
about 1%, our preditions an be roughly quantied as follows:
Br(K+ → π+e+e−) = (3.9± 0.8)× 10−7,
Br(K+ → π+µ+µ−) = (1.2± 0.3)× 10−7,
R = 0.32± 0.01.
Dierential rates of K± → π±e+e− and K± → π±µ+µ− deays orresponding to the pa-
rameterization (20) are presented in Fig. 2 along with the rates alulated extrapolating the
available experimental data on K± → π±e+e− deay [23℄ using a model [8℄. Note that the ex-
perimentally aessible kinemati region of the K+ → π+e+e− deay is limited by a ondition
z = q2/M2K & (Mπ0/MK)
2 ≈ 0.08, while for the K± → π±µ+µ− deay the whole kinemati
range is aessible.
The funtion |F (q2)| determined by the relations (16), (20) is presented in Fig.3. Its shape,
being approximated in terms of a linear form fator F (q2) = F0(1+λ · q2/M2K), leads to a form
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Figure 3: The funtion |F (q2)| determined by the relations (16), (20).
fator varying from a minimum of λ = 1.4 for z = q2/M2K = 0 to a maximum of λ = 4.9 for a
point z = q2/M2K = 0.32 orresponding to q
2 ≈ M2π . An eetive average form fator slope of
the K± → π±e+e− deay as would be measured by an experiment in the aessible kinemati
region q2 > M2π0 is estimated to be λ ≈ 2.3. This value should be subjet to variation among
dierent experiments, depending, in partiular, on the experimental aeptane as a funtion
of q2.
2.3 Prospets for experimental tests
The experimental data for branhing frations, their ratio, and the form fator slope (not
onsidering a slope measurement in the K± → π±µ+µ− hannel whih is subjet to large
unertainties) are [22℄:
Br(K+ → π+e+e−) = (2.88± 0.13)× 10−7,
Br(K+ → π+µ+µ−) = (0.81± 0.14)× 10−7,
R = 0.281± 0.050,
λ = 2.14± 0.20.
The experimental preision of Br(K+ → π+e+e−) is mainly determined by a single measure-
ment [23℄. The experimental unertainty of Br(K+ → π+µ+µ−) is dominated by a PDG error
sale fator [22℄ emerging from inonsisteny of three measurements [24, 25, 26℄. Signiant
experimental improvements are expeted in near future, when the data sample olleted by the
NA48/2 experiment at CERN is analyzed.
Our preditions for branhing frations of the two deays, their ratio R, and the eetive
form fator slope are in agreement with the experimental data. On the ontrary, meson domi-
nane models [27℄ fail to desribe the eetive form fator slope, prediting substantially lower
slope values.
Monte Carlo simulations involving realisti estimations of experimental onditions show
that a deviation of K± → π±e+e− event distribution predited by (20) from a distribution
orresponding to a linear form fator F (q2) (i.e. the predited dependene of the eetive form
fator slope λ on q2) an be experimentally deteted with a sample of ∼ 2 · 104 reonstruted
deays, whih is not far from the apabilities of the present experiments in terms of kaon ux.
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3 Weak stati interation as the origin of enhanement
We listed the set of experimental arguments in favour of that a relation between the form
fators and radiative K deay amplitude takes plae. In the following part of the paper we
would like to show that this relation is not oasional from theoretial point of view.
In any ase, we are trying to address the questions: What are ontributions of other loop
diagrams? What is the origin of the enhanement oeient g8 in the amplitude (7)? What is
origin of the oinidene of the resonane parameters with the kaon deay ones?
We show below that a reply to all these questions an be the weak stati interation as a
onsequene of Dira like radiation variables in SM.
3.1 The Radiation Variables in Standard Model
As it was shown by Dira in QED [28℄, the stati interations in gauge theories are an inevitable
onsequene of the general priniples of QFT, inluding the vauum postulate. In order to
obtain a physial vauum as a state with minimal energy, Dira eliminated all zero momentum
elds (with their possible negative ontributions into the energy of the system) by solving the
Gauss onstraint and dressing harged elds by the phase fators (see also [29, 30, 31℄). This
elimination leads to the radiation variables and the stati interations in both QED and the
massive vetor boson theory [14℄.
In partiular, in QED the radiation gauge-invariant variables A
(R)
µ (A) = Aµ − ∂µ 1△(∂kA
k)
have propagators J˜+µ D
R
µν(q)J˜
−
ν =
J˜+0 J˜
−
0
~q2
+
(
δij − qiqj
~q2
)
J˜+i J˜
−
j
q2
; while the Lorentz ones A
(L)
µ (A) =
Aµ − ∂µ 1

(∂νA
ν) [13℄ have propagators J˜+µ D
L
µν(q)J˜
−
ν = −J˜+µ
1
q2
(
gµν − qµqν

)
J˜−ν .
In order to demonstrate the inequivalene between the radiation variables and the Lorentz
ones, let us onsider the eletron-positron sattering amplitude TR = 〈e+, e−|Sˆ|e+, e−〉. One
an see that the Feynman rules in the radiation gauge give the amplitude in terms of the urrent
jν = e¯γνe
TR =
J20
q2
+
(
δik − qiqk
q2
)
JiJk
q2 + iε
≡ −J
2
q2 + iε
+
(q0J0)
2 − (q · j)2
q2[q2 + iε]
. (22)
This amplitude oinides with the Lorentz gauge one,
TL = − 1
q2 + iε
[
J2 − (q0J0 − q · J)
2
q2 + iε
]
, (23)
when the box terms in Eq. (22) an be eliminated. Thus, the Faddeev equivalene theorem
[30℄ is valid, if the urrents are onserved
q0J0 − q · J = qJ = 0, (24)
and the box terms are eliminated. It just the ase, when the R variables are equivalent to the
L ones [30℄. However, if elementary partiles are o their mass-shell (in partiular, in bound
8
(a)
K+(k) W+(k) π+(k)
(b)
K+(k)
π0(k + l)
W+(−l) π+(k)
Figure 4: Axial (a) and vetor (b) urrent ontribution into K+ → π+ transition
states) the urrents are not onserved
1
.
Radiation variables have vauum as a state with the minimal energy, whereas the Lorentz
ones lose the vauum postulate as the time omponent give the negative ontribution into the
energy. Therefore, Shwinger in [29℄ ... rejeted all Lorentz gauge formulations as unsuited to
the role of providing the fundamental operator quantization ...
Let we believe Shwinger, and onsider the massive vetor Lagrangian
L = −1
2
(∂µW
+
ν − ∂νW+µ )(∂µW−ν − ∂νW−µ ) +M2WW+µ W−µ +
+
[
J−µ W
+
µ + J
+
µ W
−
µ
] e
2
√
2 sin θW
in terms of radiation variables [14℄ W±Rµ = W
±
µ + ∂µ[1/(M
2
W −△)]∂kW±k
In this ase, instead of the standard propagator [13℄
J˜+µ D
L
µν(q)J˜
−
ν = −J˜+µ
1
q2 −M2W
(
gµν − qµqν
M2W
)
J˜−ν (25)
we have the radiation one [14℄
J˜+µ D
R
µν(q)J˜
−
ν =
J˜+0 J˜
−
0
~q2 +M2W
+
(
δij − qiqj
~q2 +M2W
)
J˜+i J˜
−
j
q2 −M2W
(26)
The Rpropagator is regular in the limit MW → 0 and is well behaved for large momenta. In
the following we ompare two propagators DLµν and D
R
µν .
3.2 Weak stati interation as the origin of enhanement
Let us onsider the K+ → π+ transition amplitude
〈π+| − i
∫
dx4dy4Jµ(x)DWµν(x− y)Jν(y)|K+〉 = i(2π)4δ4(k − p)GEWΣ(k2), (27)
in the rst order of the EW perturbation theory in the Fermi oupling onstant (8) omparing
two dierent W-boson eld propagators, the aepted Lorentz (L) propagator (25) and the
1
The hange of variables R→ L means a hange of physial soures. In this ase, the o mass-shell L variable
propagators lose the Coulomb pole forming the Coulomb atoms. The loss of the pole does not mean violation
of the gauge invariane, beause both the variables (R and L) an be dened as the gauge-invariant funtionals
of the initial gauge elds.
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radiation (R) propagator (26).These propagators give the expressions orresponding to the
diagrams in Fig. 4
Σ(k2) → ΣR(k2) = 2F 2πk2 + 2i
∫
d4qM2W
(2π)4
k2 + (k0 + q0)
2
(−|~q|2 −M2W )[(k + q)2 −m2π + iǫ]
, (28)
Σ(k2) → ΣL(k2) = 2F 2πk2 + 2i
∫
d4qM2W
(2π)4
(2kµ + qµ)D
L
µν(−q)(2kν + qν)
(k + q)2 −m2π + iǫ
. (29)
The versions R and L oinide in the ase of the axial ontribution orresponding to the rst
diagram in Fig. 4, and they both redue to the stati interation ontribution beause
kµkνDFµν(k) ≡ kµkνDRµν(k) =
k20
M2W
.
However, in the ase of the vetor ontribution orresponding to the seond diagram in Fig. 4
the radiation version diers from the Lorentz gauge version (25)
2
.
In ontrast to the Lorentz gauge version (25), two radiation variable diagrams in Fig. 4 in
the rest kaon frame kµ = (k0, 0, 0, 0) are redued to the stati interation ontribution
i(2π)4δ4(k − p)GEWΣR(k2) = 〈π+| − i
∫
dx4J0(x)
1
△−M2W
J0(x)|K+〉 (30)
with the normal ordering of the pion elds whih are at their mass-shell
3
, so that
ΣR(k2) = 2k2F 2π
[
1 +
M2W
F 2π (2π)
3
∫
d3l
2Eπ(~l)
1
M2W +
~l2
]
≡ 2k2F 2πg8. (31)
Here Eπ(~l) =
√
m2π +
~l2 is the energy of π-meson and g8 is the parameter of the enhanement of
the probability of the axial K+ → π+ transition. The pion mass-shell justies the appliation
of the low-energy ChPT [1℄, where the summation of the hiral series an be onsidered here
as the meson form fators [4, 6, 18℄
∫ d3l
2Eπ(~l)
→ ∫ d3lfVK (−(~l)2)fVπ (−(~l)2)
2Eπ(~l)
.
Using the ovariant perturbation theory [32℄ developed as the series Jkµ(γ ⊕ ξ) = Jkµ(ξ) +
F 2π∂µγ
k + γifijkJ
j
µ(ξ) + O(γ
2) with respet to quantum elds γ added to ξ as the produt
eiγeiξ ≡ ei(γ⊕ξ), one an see that the normal ordering
< 0|γi(x)γi′(y)|0 >= δii′N(~z), N(~z) =
∫
d3lei
~l·(~z)
(2π)32Eπ(~l)
,
where ~z = ~x− ~y, in the produt of the urrents Jkµ(γ⊕ ξ) leads to an eetive Lagrangian with
the rule △T = 1/2
M2W
∫
d3zg8(|z|)e
−MW |~z|
4π|~z| [J
j
µ(ξ(x))J
j′
µ (ξ(z + x))(fij1 + ifij2)(fi′j′4 − ifi′j′5)δii
′
+ h.c],
2
The Faddeev equivalene theorem [30℄ is not valid, beause the vetor urrent Jµ = K∂µpi−pi∂µK beomes
the vertex Γµ = K∂µDpi−Dpi∂µK, where one of elds is replaed by its propagator Dpi = δ(x), and ∂µΓµ 6= 0.
3
The seond integral in (28) with the term (k0 + q0)
2
really does not depend on k2, and it an be removed
by the mass rotation.
10
where g8(|z|) = [1 +
∑
I≥1
cIN I(~z)] is series over the multipatile intermediate states (this sum is
known as the Volkov superpropagator [2, 33℄). In the limitMW →∞, in the lowest order with
respet to MW , the dependene of g8(|~z|) and the urrents on ~z disappears in the integral of
the type of
M2W
∫
d3z
g8(|~z|)e−MW |~z|
4π|~z| =
∫ ∞
0
drre−rg8(r/MW ) ≃ g8(0).
In the next order, the amplitudes K0(K¯0)→ π0 arise. Finally, we get the eetive Lagrangians
[17℄
L(∆T= 1
2
) =
GF√
2
g8(0) cos θC sin θC
[
(J1µ+ iJ
2
µ)(J
4
µ− iJ5µ)− (J3µ+
1√
3
J8µ)(J
6
µ− iJ7µ) + h.c.
]
, (32)
L(∆T= 3
2
) =
GF√
2
cos θC sin θC
[
(J3µ +
1√
3
J8µ)(J
6
µ − iJ7µ) + h.c.
]
. (33)
This result shows that the enhanement an be explained by stati vetor interation that
inreases the K+ → π+ transition by a fator of g8 = g8(0), and yields a new term desribing
the K0 → π0 transition proportional to g8 − 1.
This Lagrangian with the t parameter g8 = 5 (i.e. g8 sin θC cos θC ≃ 1) desribes the
nonleptoni deays in satisfatory agreement with experimental data [2, 17℄.
Conlusions
We have investigated the low-energy relations between the values of resonane masses in the
meson form fators, and the dierential radiative kaon deay K+ → π+e+e−(µ+µ−) rates
following from the ChPT [1, 2, 4℄. We give non-trivial preditions of muon/eletron ratio and
the eetive form fator slope, whih are in agreement with the experimental data.
The high sensitivity of these relations, the low energy status of ChPT, where they arise,
and the universality of the enhanement oupling onstant g8 for all kaonpion weak transition
amplitudes with the rule of seletion △T = 1/2 an be explained by a weak stati interation
of massive vetor bosons in the Hamiltonian approah to SM [14℄.
The instantaneous harater of weak stati interation in the Hamiltonian SM exludes all
retarded diagram ontribution in the eetive Chiral Perturbation Theory [8℄ that destrut the
form fator struture of the kaon radiative deay rates. The enhanement of kaonpion tran-
sition an be onsidered as a onsequene of normal ordering of all pions in the instantaneous
loop on their mass-shells p2 = m2π. The stati interation mehanism of the enhanement of the
△T = 1/2 transitions predits the oinidene of the meson form fator resonane parameters
with the parameters of the radiation kaon deay rates K+ → π+e+e−(µ+µ−) in satisfatory
agreement with the experimental data [22, 23℄.
Therefore, the o-mass-shell kaon-pion transition in the radiation weak kaon deays an be
a good probe of the weak stati interations.
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A Appendix A: Calulation of K+ → π+l+l− Deay Width
A.1 The Matrix Element
The matrix element for the proess in Fig. 5 an be obtained by Feynman rules:
iM(K+ → π+l+l−) = u¯s(q−)(−ieγµ)vs′(q+) igµν
q2
< π+(p)|Jemν |K+(k) >, (34)
after inserting parametrization
iM(K+ → π+l+l−) = u¯s(q−)(−ieγµ)vs′(q+) igµν
q2
eF (kp)(k + p)ν . (35)
To obtain the square root of matrix element one has to sum over spins
∑
s,s′
|M|2 = e
4|F (kp)|2
q4
Tr[q+/γµ/q−/γν/−m2l γµ/γν/](p+ k)µ(p+ k)ν
=
4e4|F (kp)|2
q4
[q+µq−ν + q+νq−µ − q+q−gµν −m2l gµν ](p+ k)µ(p+ k)ν
=
4e4|F (kp)|2
q4
[2q+(p+ k).q−(p+ k)− q+q−(p+ k)2 −m2l (p+ k)2]. (36)
Next if we dene
z =
q2
M2K
=
2q+q− + 2m
2
l
M2K
; x =
(p+ q−)
2
M2K
=
m2π + 2pq− +m
2
l
M2K
; R =
(mπ
MK
)2
; rl =
( ml
MK
)2
,
(37)
where l = e, µ one obtains
∑
|M|2(z, x) = 2e
4F 2
z2
[(
2x+ z − 2− 2rl
)(
− 2x− z + 2R + 2rl
)
+ z
(
z − 2− 2R
)]
,
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where we used momentum onservation law and relations:
k = p+ q− + q+ = p + q,
q−q+ =
M2K
2
(z − 2r),
(k + p)2 = M2K(2 + 2R− z),
(k − p)2 = q2 = M2Kz,
q−(p + k) =
M2K
2
(2x+ z − 2R− 2r),
q+(p+ k) =
M2K
2
(2 + 2r − z − 2x),
q(p+ k) = M2K(1− R).
A.2 The deay rate
The phase volume (in the frame of
~k = 0) is
dΦ =
d3q+d
3q−d
3p
2ǫ+2ǫ−2ǫ
δ4(k − p− q+ − q−); d4q− = d4q,
=
|~q+|ǫ+dǫ+dΩ+
2ǫ+
d4qd4pδ4(k − p− q)δ((k − q)2 −m2π)δ((q − q+)2 −m2l ),
=
|~q+|dǫ+dΩ+
2.2MK
1
2
|~q|dq24πδ
(
q2 − 2q+q
)
; dΩ+ = 2πd cos θ+,
=
dǫ+
8MK
4πdq2
1
2
2π =
dxdz
16
4π2πM2K ; q+q = q0ǫ+ − |~q||~q+| cos θ+, (38)
and the deay width is
dΓ =
1
2MK
2e4F 2
z2
[(
2x+ z − 2− 2rl
)(
− 2x− z + 2R + 2rl
)
+ z
(
z − 2− 2R
)]
× 1
(2π)5
dxdz
4
π2M2K . (39)
dΓ
MKdxdz
=
α2F 2
8πz2
[(
2x+ z − 2− 2rl
)(
− 2x− z + 2R + 2rl
)
+ z
(
z − 2− 2R
)]
.
After integration the deay width is
dΓ
MKdz
=
α2
6πz3
λ
3
2 (1, z, R)F 2(z)(z + 2r)
√
1− 4r
z
, (40)
where
λ(1, z, R) = (z2 + 1 +R2 − 2z − 2Rz − 2R). (41)
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